In a prospective controlled clinical trial the natural history of cardiac arrhythmias and their prevention with prophylactic quinidine therapy were studied in 23 patients with acute coronary insufficiency without myocardial infarction. After a loading procedure, 300 mg of quinidine sulfate or placebo was administered orally every 6 hours for up to 5 days under balanced, random, double-blind conditions. An automated arrhythmia detection system was used to quantify arrhythmias from stored continuous electrocardiographic tape recordings.
SUMMARY
In a prospective controlled clinical trial the natural history of cardiac arrhythmias and their prevention with prophylactic quinidine therapy were studied in 23 patients with acute coronary insufficiency without myocardial infarction. After a loading procedure, 300 mg of quinidine sulfate or placebo was administered orally every 6 hours for up to 5 days under balanced, random, double-blind conditions. An automated arrhythmia detection system was used to quantify arrhythmias from stored continuous electrocardiographic tape recordings.
The frequency of ventricular and supraventricular arrhythmias tended to increase progressively on each successive day of study in placebo-treated patients. By contrast, in quinidine-treated patients all arrhythmias were quantitatively lower on each day of therapy and did not show a tendency toward progressive daily increases. In the placebo group there was an average of 140 premature ventricular contractions (PVC's) per day on the first day which increased to 600 PVC's per day by the fifth day, whereas with quinidine there was an average of 40 PVC's per day or less throughout the 5 days of study (P < 0.01). The daily increase in ventricular arrhythmias in placebo-treated patients with acute coronary insufficiency during the 5 days is in contrast to the natural history of patients with documented myocardial infarction who have a marked daily decrease in the frequency of ventricular arrhythmias during the first 5 days. Significant arrhythmia suppression with quinidine was present when mean blood quinidine concentration reached a steady state above 4 mg/liter at the end of the first day of therapy. Adverse reactions to quinidine were not observed. On the basis of these data, quinidine sulfate given prophylactically at a dosage producing modest blood concentrations appeared to be both effective and safe for the prevention of ventricular and supraventricular arrhythmias that occurred during the first 5 The trial compared a quinidine-treated group of patients with a control group receiving indistinguishable placebos under double-blind conditions. Attending physicians and staff nurses also were unaware of which patients received quinidine, and the investigators remained blind until after the data had been analyzed. Upon entering the study patients were randomly allocated to one of the two treatment groups according to a predetermined schedule. The randomization provided for stratification of patients according to sex and hospital, with equal balancing of treatments within strata. Since the trial was a between-subject comparison, each patient was studied with only one form of treatment.
Experimental medications consisted of quinidine sulfate, 300 mg, or placebo in identical coded capsules. Three oral doses were given fasting10 at 3-hour intervals as a loading procedure, followed by one dose every 6 hours before meals for the remainder of the study period. If necessary, the drug code for any patient could be broken without revealing the treatment received by other patients. The decision to remove a patient from study was always made before the code for that patient was broken.
Evaluation of Response
Results of treatment with quinidine and placebo were evaluated with continuous electrocardiographic tape recordings using the Holter-Avionics recorder for the entire time the patient was being studied." The stored tapes with the continuous electrocardiogram for the entire study period were subsequently played back at real time and analyzed with a Hewlett-Packard automated arrhythmia detection system. The automated arrhythmia detection system recognized arrhythmias by two criteria: (1) change in R-R interval by more than 20%; (2) widening of the QRS by more than 0.015 sec as compared with the average of four normal QRS complexes for that patient. The instrument was set to printout automatically intermittent electrocardiograms which contained a complete record of all arrhythmias, including single ectopic beats fulfilling either of these two criteria. The time of each episode of arrhythmia to the nearest minute was recorded on the electrocardiogram by an automated time stamp. All electrocardiographic print-outs by the automated arrhythmia detection system were read, and each arrhythmia or premature ventricular contraction was identified and quantified from the electrocardiographic printout on an hour-by-hour basis by the investigators. From this analysis each arrhythmia or single premature ventricular contraction was verified visually by the investigators, and all artifacts were excluded. 12 The efficacy of quinidine in preventing arrhythmias was determined by a comparison between the two treatment groups with respect to the occurrence of the followini arrhythmias: premature ventricular contractions (PVC's), serious ventricular arrhythmias,* and premature sunraventricular contractions. All arrhythmia data were statistically analyzed for treatment differences by the Mann-Whitney U test (two-tailed)13 with the ulse of a computer program specially written for this purpose.
In all patients, blood quinidine levels were determined at the sixth and ninth hours after entry into study, i.e., before and 3 hours after the end of the loading period, and then once or twice daily for the remaining days immediately before administration of a dose of drug. Blood quinidine concentration was *Serious ventricular arrhythmias were defined according to the criteria set by Lown;4 PVC's of more than five/min, multifocal, "R on T," consecutive in runs of two or more or bigeminy. Occurrence of arrhythmias during each day of prophylactic quinidine or placebo therapy.
episodes of serious ventricular arrhythmias and to a lesser degree the mean number of premature supraventricular contractions ( fig. 1 ). These data indicate that prophylactic quinidine therapy quantitatively reduced ventricular arrhythmias of all degrees of severity and also reduced premature supraventricular contractions, especially after the first day of treatment. They also suggest that a natural daily increase in both ventricular and supraventricular arrhythmias occurred in the placebo patients during the 5 days which followed an episode of acute coronary insufficiency without infaretion.
Because the initial 48 hours after entry were considered to be a very critical period for development of ventricular arrhythmias, the data on ventricular arrhythmias for this period were examined during each of eight successive 6-hour intervals ( fig. 2) . The mean number of PVC's per 6-hour interval throughout the first 48 hours of study, including the first 6 hours, was lower in the quinidine-treated patients than in the placebotreated patients, with placebo-quinidine differences reaching statistical significance at the end of 24 hours. Similarly the mean number of serious ventricular arrhythmias per 6-hour interval was lower in the quinidine-treated patients than in placebo patients during these 48 hours except for the first 6-12 hours ( fig. 2 ). These data suggest that during the initial 48 hours after acute coronary insufficiency, quinidine afforded protection against ventricular arrhythmias, but that owing to the natural history of these arrhythmias the protection was more obvious after than during the first 24 hours.
Withdrawals from Study and Side Effects
Five patients were removed from study before the end of the study period (table 2) . Two patients, who were not receiving digitalis, in the quinidine group were removed early from study because of the development of 2:1 atrioventricular block on the second day of study in one patient and atrioventricular dissociation 5 hours after entry into the study in the other. Two placebo-treated patients were removed from the study early; one when it was discovered that the prescribed study medication had been omitted inadvertently, and the other was removed early by error. Finally, one patient in the quinidine group died of subarachnoid hemorrhage at the end of the first day of study. On postmortem examination significant coronary artery disease (>50% narrowing in two vessels) was present in this patient and myocardial infarction was absent. On the average, quinidine-treated patients did not have appreciable widening of the QRS complex or prolongation of P-R and Q-T intervals, nor did they show greater changes in heart rate and arterial pressure than patients given placebo. Side effects of nausea, vomiting, diarrhea or QRS prolongation greater than 25% of the figure 3 . At the sixth hour, the blood quinidine level was The protection afforded by quinidine in preventing the development of arrhythmias, although present in the early hours after an acute episode, did not reach statistical significance until the end of 24 hours. This contrasts with the findings in patients with acute myocardial infarction5 where the same dosage regimen of quinidine was found to afford significant protection as early as the sixth hour after initiation of therapy. One possible explanation for this difference could be a need for higher blood levels of quinidine in patients with acute coronary insufficiency without infarction. This is supported by the observation that arrhythmia suppression in the latter patients occurred only when mean blood quinidine concentrations reached a steady state in excess of 4 mg/liter whereas in patients with acute infarction, arrhythmia suppression was present with mean concentration as low as 2.5 mg/liter. This finding raises the possibility that arrhythmias following acute myocardial infarction are more easily suppressed by quinidine than arrhythmias in coronary heart disease without acute myocardial infarction. However, other factors could also account for the difference in arrhythmia protection with quinidine between coronary insufficiency and infarct patients. These factors include differences in the natural history of arrhythmias in these two clinical conditions which, as already mentioned, would tend to show significant differences between treated and untreated patients as early as the first day in patients with acute infarction but only later in patients with acute coronary insufficiency. Furthermore, the number of coronary insufficiency patients studied was less than half that of the myocardial infarction patients (N = 55) so that significant differences between treated and untreated coronary insufficiency patients might be difficult to demonstrate in the early hours when arrhythmias were quantitatively at a lower level of frequency.
The effectiveness of quinidine in protecting patients with acute coronary insufficiency against arrhythmias was matched by its apparent lack of significant toxicity. In view of the efficacy and safety of prophylactic quinidine in suppressing arrhythmias in patients with acute coronary heart disease it seems reasonable to suggest that prophylactic quinidine should be evaluated in a clinical trial to determine its effect on morbidity and mortality in ambulatory patients with coronary artery disease, who are at high risk of sudden death.
